VEHICLE STARTING CLUTCH CONTROL DEVICE 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a vehicle starting 
clutch control device in which the transmission torque 
capacity of a starting clutch can arbitrarily be 
controlled by an actuator. 

2 . Description of the Related Art 

Conventionally, disclosed as a control device of 
this type in JP-B-6-67695 is a vehicle starting clutch 
control device for controlling an actuator so that the 
transmission torque capacity of a starting clutch 
becomes a value required to transmit a torque equal to 
an engine absorption torque corresponding to the then 
engine speed at the time of power-off running where the 
accelerator pedal is not substantially depressed. 
According to this control device, being different from 
a control device in which the starting clutch is kept 
in a complete engaged condition at the time of power-off 
running as well as power-on running, the starting clutch 
can be mo men tar i ly disengaged so as to prevent the engine 
stall when the brakes are applied abruptly. 

With the aforesaid conventional control device, 
when the accelerator pedal is depressed abruptly during 
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power-off running the transmission torque capacity of 
the starting clutch is controlled to gradually increase 
in order to shift the starting clutch to a completely 
engaged condition. However, the output torque of the 
5 engine does not build up as soon as the accelerator pedal 
is depressed, and the transmission torque .capacity of 
the starting clutch has increased to some extent during 

2 this delay of response. Then, in a case where the above 

03 conventional art is applied to the control of a starting 

cn 

£3.0 clutch for a normal manual transmission which comprises 

m ■ 

03 a mechanical friction clutch, drive torque for the drive 

5 

H" wheels builds up abruptly through transmission of torque 
via the starting clutch when the output of the engine 

SJ 

© builds up, whereby there may be a risk that surging 
15 vibrations (longitudinal vibrations) are generated in 
the body of the vehicle. 

SUMMARY OF THE INVENTION 
The present invention was made in view of the above 
20 situation, and an object thereof is to provide a vehicle 
starting clutch control device which can prevent the 
generation of surging vibrations when the accelerator 
pedal is abruptly depressed during power-off running. 

With a view to attaining the object, according to 
25 the invention, there is provided a vehicle starting 
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clutch control device for arbitrarily controlling a 

transmission torque capacity of a starting clutch 

through an actuator, said vehicle starting clutch 

control device comprising: 

first control means for controlling said actuator 

so that said starting clutch is put in a state in which 

said starting clutch completely transmits the output 

torque of an engine at the time of power-on running with 

an accelerator pedal being depressed; 

second control means for controlling said, ac.tuat ox 

m- so tha.t the transmission torque capacity of said starting 
09 

s clutch becomes a value required to transmit a. torque 

H 3 equal to an engine absorption torque corresponding to 

Q 

^ the engine speed at the time of power-off running without 

O 

f% said accelerator pedal being depressed; 

third control means for controlling said actuator 
so that the transmission torque capacity of said starting 
clutch gradually increases to shift said starting clutch 
to a state in which said starting clutch completely 

20 transmits the output torque of said engine when said 
accelerator pedal is depressed during power-off running; 
and 

delay means for delaying the start of control based 
on said third control means until a predetermined time 
25 after said accelerator pedal is depressed. 
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According to the aspect of the invention, the time 
when the third control means sbarts to control to 
gradually increase the transmission toque capacity of 
the starting clutch is delayed frjbm the timing when the 
accelerator pedal is depressed! Therefore, even if 
there is a delay in building ud of the output torque 
of the engine, the transmission (torque capacity of the 
starting clutch has not increased as high as the 
conventional art when the outpit torque of the engine 
actually builds up, and there lis produced a slippage 
in the starting clutch. Thereafter, as the transmission 
torque capacity of the starting clutch - increases , of 
the output torque of the engine, the ratio of output 
torque which is to be transmitted to the drive wheels 
via the starting clutch is increased. Consequently, 
even if the accelerator pedaLL is abruptly depressed 
during power-off running, the (drive torque of the drive 
wheels is allowed to build up moderately, whereby the 
generation of surging vibrations is prevented. The 
predetermined time may be determined depending upon time 
that has elapsed since the accelerator pedal is depressed, 
or time may be determined as tne predetermined time when 
a detected engine output torque exceeds the transmission 
torque capacity of the startling clutch. 



Incidentally, the engine absorption torque is equal 
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to a torque required to drive the engine reversely and 
varies depending upon the engine speed. The engine 
absorption torque also varies depending upon engine 
temperature, the adaptability of the engine, oil volume, 
5 oil type, oil level inclination and the like, and 
therefore it is difficult to set an accurate value. Due 
to this, in the conventional art, it is presumed that 
p s the transmission torque capacity of the starting clutch 

yg " during power-off running is controlled to be a value 

00 

QilO which. -is higher by some extent than the referen.ce value 
59 of the engine absorption torque corresponding, to the 
engine speed, . for example, a value obtained by 
multiplying the reference value by a relatively large 

^ safety factor, so that there is produced no slippage. 

M 

H.5 in the starting clutch even when the actual value of 
the engine absorption torque exceeds slightly the 
reference value. This is because when a smaller safety 
factor is used, the actual value of the engine absorption 
torque exceeds the transmission torque capacity of the 
20 starting clutch, and a slippage is likely to be generated 
in the starting clutch, leading to a further risk that 
the effect of engine braking is reduced or the durability 
thereof is deteriorated. Thus, a larger safety factor 
needs to be adopted. As a result, the transmission 
25 torque capacity of the starting clutch at the time of 
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power-off running becomes relatively large, and the 
disengagement of the starting clutch is delayed when 
the brakes are applied abruptly, leading to a risk that 
the engine stalls. 
5 To cope with this, the second control means is 

constructed to control the actuator by setting as a 
control target value a control amount of the actuator 

J5S3, 

g in which the transmission torque capacity of the starting 

. 

Q3 clutch becomes equal to a set value for the engine 

fiLO absorption . torque which is a value obtained, by 

03 

p multiplying a reference value of the engine., absorption 
y. torque corresponding to the engine speed by a 
predetermined safety factor, detecting the specific 



slippage of the starting clutch and feedback correcting 
15 the control target value such that the specific slippage 
becomes equal to or less than a predetermined value. 
According to this construction, even if a relatively 
small safety factor is adopted, there should be produced 
no excessive slippage which is not good to the starting 
20 clutch. As a result, the transmission torque capacity 
of the starting clutch at the time of power-off running 
can be suppressed to a required minimum of limit, whereby 
the drawback inherent in the conventional art can be 
prevented . 

25 Incidentally, while it is considered that the 
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transmission torque capacity of the starting clutch is 
maintained to a value just before the accelerator pedal 
is depressed until the control by the third control means 
is started/ in order to ensure that the occurrence of 
surging vibrations is prevented, the transmission torque 
capacity when the third control means starts to control 
should be made as low as possible.. To cope with this, 
the delay means is preferably constructed to start the 
control by the third control means af ter the transmission 
.•torque capacity of the starting clutch is: maintained 
to a value corresponding to the engine absorption torque 
. resulting when the engine speed is around 10 0 0 r.pm for 
a predetermined time after the accelerator pedal is 
depressed . 

Note, that in an embodiment of the invention which 



will be described later, 
corresponds to the first cc 
Sll and S12 in Fig. 4 to th 
steps S18, S19 in Fig. 2 



step S2 shown in Fig. 4 
ntrol means, steps S4 to S6, 
e second control means, and 
:o the third control means, 
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and steps S14 to S17 in Fig. 4 to the delay means 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram of an embodiment of the 
invent ion; 

Fig. 2 is a diagram showing a hydraulic circuit 
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for an actuator of a starting clutch; 

Fig. 3 is a block diagram showing the contents of 
control of a clutch controller; 

Fig. 4 is a flowchart showing the control of the 
starting clutch during running; 

Fig. 5 is a block diagram showing the contents of 
processes in steps S4 to S6 in Fig. 4; 

Fig. 6 is a block diagram showing the contents of 
a process in step S12 in Fig. 4; and 

Fig. 7 is a time chart, showing a change in 
..transmission^ torque capacity of a starting clutch (a 
clutch torque) through the control shown in Fig. 4 
together -with changes in engine torque and accelerator 
opening . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring to Fig. 1, reference numeral 1 denotes 
an engine, and power from the engine 1 is transmitted 
to drive wheels 4 of a vehicle via a starting clutch 
2 and a transmission 3. Fuel injection valves 6 adapted 
to be controlled by a main controller 5 are provided 
in the engine 1. In addition, the opening of a throttle 
valve 7 of the engine 1 is controlled by the main 
controller 5 via a motor 8. 

-ftr-mech a n ical fr i ction clut-ch for u -s o on g ^rh-rrr±e 
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with a clutch pedal is used for the starting clutch 2, 
which is normally engaged by virtue of the biasing force 
of a diaphragm spring 2a, whereas it is disengaged by 
a release fork 2b via a releasjs bearing 2c, when the 
diaphragm spring 2a is pressed 



9a of a hydraulic cylinder 9 serving as an actuator is 



brought into abutment with the 
to operate the release fork 2b by 

9, to thereby arbitrarily control the transmission 

clutch 2. As shown in 
f the hydraulic, cyl inder 
control valve 101 which 
troller 11. The clutch 



Ln. Then, a piston rod 



release fork 2b so as 
the hydraulic cylinder- 



torque capacity of- the starting 



Fig.. 2-A, a hydraulic circuit 10 
9 includes an . electromagnet 1c 
is controlled by a clutch cor 



control the supply and 



controller 11 is adapted to 
discharge of hydraulic oil td> and from the hydraulic 
cylinder 9. Oil discharged from an electric pump 103 
is supplied to an oil supply path 102 communicating a 
control valve 101 via a check valve 104. The electric 
pump 103 has, as a driving source, a motor 103a which 
is controlled by the clutch controller 11 
to the oil supply path 102 ar 
accumulator 106 and an oil pre 
signals from the oil pressure 
into the clutch controller 1 



Connected 
e a relief valve 105, an 
ssure sensor 107, whereby 
sensor 107 are inputted 
L. And, in case the oil 



pressure in the oil supply 102 detectedby the oil pressure 
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sensor 107 decrease/ below a predetermined line pressure, 
the electric pum£ 103 is driven until the oil pressure 
in the oil supply path 102 reaches the predetermined 
line pressu re . 

A position sensor 9b is attached to the hydraulic 
cylinder 9 for detecting the stroke position of the piston 
rod 9a, and signals from the position sensor 9a are 
inputted into the clutch controller 11, whereby the 
control valve 101 is feedback controlled such. that the 
stroke position of the piston rod 9a coincides with a 
target -position that is to be calculated by the. main 
controller 5 as will be described later for transmission 
to the clutch controller 11. The details thereof are 
as shown in Fig. 3. That is, a deviation between the 
target position and an actual position of the piston 
rod 9a detected by the position sensor 9b is obtained, 
and an amount of oil to be supplied to or discharged 
from the hydraulic cylinder 9 required to make the 
deviation zero is obtained through PID control. Next, 
A flow rate for supply or discharge of the amount of 
oil to be supplied or discharged per unit' time is 
calculated as a target flow rate, and a target current 
value for the target flow rate is obtained from a 
current-flow rate properties map of the control valve 
101. In addition, an actual current value that flows 
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to a solenoid 101a of the control valve 101 is detected 
through a shunt resistance 101b connected to the solenoid 
101a to thereby obtain a deviation between the target 
current value and the actual current value. Then, a 
5 current value required to make the deviation zero is 
obtained through PI control, and thereafter a PWM 
conversion is implemented to energize the solenoid 101a. 

,-BJBS* 

5 Inputted into the main controller 5 are signals, 

(53 respectively, from an accelerator sensor 12a for 
|j) detecting the travel of the accelerator pedal 12 when 

m ■ 

03 . it. is depressed (hereinafter, referred to.as accelerator 
^ opening GAP)', a brake switch 13a for detecting the 
G3 depression of a brake pedal 13, a rotation sensor 14 
P for detecting the rotational speed Ne of the engine, 
15 a. rotation sensor.. 15 for detecting the rotational speed 
Nm of the starting clutch 2 on the output side thereof, 
and a vehicle speed sensor 16 for detecting the vehicle 
speed v. Based on signals so inputted, the main 
controller 5 controls the fuel injection valves 6, the 
^fl^ throttle valve 7 and the starting clutch 2. 

When the vehicle is stkrted, the transmission 
torque capacity of the statinJ clutch 2 is controlled 
so as to gradually increase whireas the stating clutch 
2 is controlled to be disengagted when the brake pedal 
25 13 is depressed. In addition) while the vehicle is 
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running, as shown in Fig. 41 it is determined whether 
or not the vehicle speed V ite a predetermined vehicle 
speed YV or more (SI), and ik case V^YV, transmitted 
to the controller 11 is a stalte in which the starting 
clutch 2 completely transmits the engine output torque 
or a stroke position of the biston rod 9 where the 
transmission torque capacity Iclutch torque) of the 
starting clutch 2 becomes equal \to or greater than the 
engine output torque as a target^ position (S2). 

In case V<YV, it is determined whether or not the 
accelerator opening 9AC is equal to or greater than a 
predetermined opening Y0 where the accelerator opening 
9AC is set at a very low opening which is close to a 
totally closed condition (S3) . In case 6 AC < Y9, namely, 
at the time of power-off running where the accelerator 
pedal 12 is substantially not depressed, a reference 
value for the engine absorption torque is ob t ained whi ch 
corresponds to the engine speed Ne at that moment (S4) . 
The engine absorption torque is a torque required to 
drive the engine 1 reversely, and a reference value for 
the engine absorption torque corresponding to Ne is 
retrieved from a map representing the relationship 
between a Ne measured in advance through a bench 
measurement and the engine absorption torque. 

Next, this reference value is multiplied by a 



12 



predetermined safety factor (for example, 1.2), and a 
value so obtained is set as the engine absorption torque 
(S5). Then, a stroke position of the piston rod 9a 
corresponding to a set value for the engine absorption 
torque is retrieved as an absorption torque position 
from a map showing a relationship between the 
transmission torque capacity of the starting clutch 2 
and the stroke position of the piston rod 9a (S6) . Fig. 
5 shows .the process from S4 to S6 using a block diagram. 

Next, it is determined whether or not a first flag 
1 is- set at -[1] (S7) . The first flag 1 has been reset 
at [0] as will be described later at the time of power-on 
running where the accelerator pedal 12 is depressed. 
Therefore, at the initial stage of 9AC < Y9 due to the 
release of the accelerator pedal, it is determined as 
[NO] in step S7. In this case, since a ramp control is 
implemented in which the piston rod 9a is gradually 
displaced from a position where the clutch torque is 
equal to or greater than the engine output torque to 
the absorption torque position obtained in step S6, a 
ramp control position is calculated in which the piston 
rod 9a gradually changes its position from the position 
where the clutch torque becomes equal to or greater than 
the engine output torque to the absorption torque 
position (S8), and this ramp control position is 
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transmitted to the clutch controller 11 as a target 
position (S9) . 

Then, the first flag Fl is set at [1] after the 
ramp control has been completed and a second flag F2 
is reset at [0] (S10) . Thus, after the ramp control has 
been completed it is determined as [YES] in step S7, 
and then, the absorption torque posi t ion obtained in 
step S6 is transmitted to the clutch controller 11 as 
the taxgetposition (Sll) . Next, the speed' ratio e = Nm/Ne 
of the starting . clutch 2 is calculated as a value 
representing the. slippage ratio of the starting clutch 
2 fromdetectedvaluesofNe, Nm, and a fee dbac ^correction 
based on the speed ratio e is carried out (S12) . The 
details of the feedback correction is as shown in Fig. 
6, and when the detected speed ratio e deviates from 
the target range of the speed ratio e, for example, 0 
a correction amount for the stroke position 
of the piston rod 9a corresponding to the deviation of 
the speed ratio is obtained through a gain conversion 
or map retrieval, whereby the target position is feedback 
corrected by adding this correction amount to the target 
position. According to this configuration, even if a 
slippage occurs in the starting clutch 2 when the actual 
value of the engine absorption torque exceeds the set 
value, the slippage is restrained through the feedback 
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correction, whereby a decrease in engine braking effect 
of the starting clutch 2 or a drawback with respect to 
the durability can be avoided as much as possible. This 
makes it possible to set small the safety factor used 
when obtaining a set value for the engine absorption 
torque, and it is ensured that the occurrence of engine 
stall due to the delay in disengagement of the starting 
clutch2whenthebrakesare abruptly applied is prevented 
by suppressing the transmission torque capacity of the 
starting, clutch 2 at the time of power-off running- to 
a required minimum of limit. - 

•.In case it. is determined in step S3 as 0AC ^ Y0 , 
firstly, it is. determined whether or not the second flag 
is set at [1] (sl3) . The second flag F2 has been reset 
to [0] in step S 1 0 during power-o f f running . Duetothis, 
it is determined as [NO] in step S13 when accelerator 
pedal 12 is initially depressed during power-off running 
In this case, the stroke position of the piston rod 9a 
corresponding to the engine absorption torque when the 
engine speed is at around lOOOrpm where the engine speed 
is slightly higher than the idle speed of the engine 
is retrieved as a predetermined clutch holding (Sl-4) 
by using a map showing a relationship between the 
transmission torque amount of the starting clutch 2 and 
the stroke position of the piston rod 9a. Then, in order 
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to implement a ramp control in which the position of 
the piston rod 9a is gradually changed from a stroke 
position just before 9AC ^ Y6 to the predetermined clutch 
holding position, a ramp control position is calculated 
where the position of the piston rod 9a is gradually 
changed from the stroke position just before 9AC ^ Y0 to 
the predetermined clutch holding position (S15) , . and 
this ramp control position is sent as a target position 
to. the clutch controller 11 ( S 1 6 ). ., Then, the target 
position that is ■ to be transmitted to the. clutch 
controller 11 is maintained at the predetermined clutch 
holding position until a certain time t has elapsed since 
the ramp control is completed (S17). 

When the predetermined time t hks elapsed, in order 
to carry out a ramp control in'which the piston rod 9a 
is gradually displaced from the predetermined clutch 
holding position to a position wher 
reaches or exceeds the engine ou' 



control position is calculated where the position of 



the piston rod 9s is gradually 
predetermined clutch holding posi 
where the clutch torque reaches or 
output torque (S18), and this ramp 



e the clutch torque 
tput torque, a ramp 



changed from the 
:ion to the position 
exceeds the engine 
control position is 



transmitted as a target position to the clutch controller 



11 (S19) . Then, the first flag Fl 



is reset at [0] and 
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the second flag F2 is set at\[l] (S20). Thus, it is 
determined as [YES] in step SIB after the ramp control 
has been completed, and in this\case, the flow proceeds 
to step S2, where the position Where the clutch torque 
reaches' or exceeds the engine output torque is sent to 
the clutch controller 11 as a target position. 

Fig. 7 shows a change in transmission torque 
capacity (clutch torque) of the starting clutch 2 when 
the control shown in Fig. 4 is carried out, in the figure, 
an area-A corresponds to the control area in steps Sll, 
S12, an area B corresponds to the control area in steps 
S15, S16, an area C corresponds to. the control area in 
step S17, an area D corresponds to the control area in 
steps S18, S19, and an area E corresponds to the control 
area in step S2 . Here, the axial 'torque of the engine 
1 becomes a negative engine absorption torque at the 
time of power-off running of 9AC < Y9, and then becomes 
0 from the negative value to zero in the area B after 
the accelerator pedal 12 is depressed. However, there 
is a delay in response by a time when a positive torque 
is output from the engine 1, and in particular, in a 
case where the throttle valve 7 is not directly connected 
to the accelerator pedal 12 as with this embodiment but 
is controlled via the motor 8, there is caused a delay 
in operation of the throttle valve 7 in addition to a 
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delay in flow of intake air. Thus, the delay in build 
up of the output torque of the engine 1 is quite large. 

Here, in this embodiment, the control of the area 
D where the clutch torque gradually increases is started 
after the predetermined time t is maintained after the 
clutch torque in the areas B, C is reduced to a 
predetermined low torque after the accelerator pedal 
12 is depressed. Accordingly, even if the building up 
of the output torque of the engine 1 is also delayed, 
since- the clutch torque when the output torque: builds 
..up is still low, there occurs a slippage in the starting 
clutch 2, and only limited part of the output tor que 
is transmitted to the drive wheels 4 via the transmission 
3. Thereafter, as the clutch torque increases , theratio 
of the torque of the output torque of the engine 1 which" 
is transmitted to the drive wheels 4 increases. 
Consequently, even if the accelerator pedal 12 is 
depressed abruptly during power-off driving, the drive 
torque for the drive wheels 4 builds up moderately, 
whereby the occurrence of surging vibrations is 
prevented . 

In addition, in this embodiment, the starting 
clutch 2 is maintained in the completely engaged 
condition at the time of high speed running which is 
faster than the predetermined vehicle speed YV even when 
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8AC<Y0. This is because since the inertia force of the 
respective revolving bodies becomes sufficiently large 
at the time of high speed running, there occurs no surging 
vibration even when the accelerator pedal 12 is abruptly 

5 depressed. 

In addition, the invention is also applied to a 
case where the throttle valve 7 is directly operated 
p by the accelerator pedal 12. In this case, the 

& determining process in step S3 in Fig. 4 may be carried 

a 

U]10 out based on the. opening of the throttle valve 7 instead 
W- of the accelerator- opening 0AC . 

As is clear from what has been described heretofore, 
according to the invention, the drive torque for the 
drive wheel builds up moderately even when the 
15 accelerator pedal' is abruptly depressed, whereby it is 
ensured that the occurrence of surging vibrations is 
prevented . 
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